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In this thesis, two problems are considered:

i) An automatic quadrature scheme is presented for the evaluation of hypersingular

integral of the form

Qi(f, x) =

∫ 1

−1

wi(t)f(t)

(t− x)2
dt, x ∈ [−1, 1], i = 0, 1, 2, (1)

where w0(x) = 1, w1(x) =
√

1− x2, w2(x) = 1√
1−x2

are the weights, and the

function f imperatives to have certain smoothness or continuity properties.

ii) We also described the approximate solutions of hypersingular integral equations

of the form

∫ 1

−1
Q(t)

[ K(t, x)

(t− x)2
+ L(t, x)

]
dt = f(x), x ∈ (−1, 1), (2)
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where K(t, x) and L(t, x) are regular square-integrable functions of t and x, and

K(x, x) 6= 0. The density function Q(t) satisfies the Hölder-continuous first deriva-

tive, means that Q(t) ∈ C1,α[−1, 1]. The real function f is approximated by the

orthogonal Chebyshev polynomials of the first and second kinds Tn(x) and Un(x)

respectively.

For the first problem in (1), an automatic quadrature scheme (AQS) for hypersin-

gular integrals is derived. The numerical results show that the Chebyshev polyno-

mials give a very good approximation by choosing the appropriate weight function.

Particular attention is paid to the error estimate of the numerical solutions of Eq.

(1). The error rate is calculated by Chebyshev norm for the class of functions

CN+2,α[−1, 1], which is defined as

‖ eN ‖c = max
−1≤a≤t≤b≤1

|f(t)− PN (t)|. (3)

For the second problem in (2), we first consider the characteristic hypersingular

integral equation of the form

1

π
=

∫ 1

−1

φ(t)dt

(t− x)2
= f(x), |x| < 1, (4)

where K(t, x) = 1 and L(t, x) = 0. By applying the Galerkin method, Eq. (4)

can be reduced to a system of linear algebraic equations. The exactness of the

numerical solutions of Eq. (4), when the density function φ(t) is a polynomial of

degree 3, is proved.

While for the case of K(t, x) = 1 and L(t, x) 6= 0, an efficient expansion method

for approximating the solution of Eq. (2) is presented.

MATLAB codes are developed to obtain the numerical results for all proposed

problems. The numerical examples assert the theoretical results
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Dalam tesis ini, dua permasalahan dipertimbangkan:

i) Skim Quadrature Automatik dipersembahkan untuk menilai kamiran hipersin-

gular dalam bentuk:

Qi(f, x) =

∫ 1

−1

wi(t)f(t)

(t− x)2
dt, x ∈ [−1, 1], i = 0, 1, 2, (1)

dengan, w0(x) = 1, w1(x) =
√

1− x2, w2(x) = 1√
1−x2

adalah pemberat, dan

fungsi f adalah tertakluk kepada ciri kemulusan dan keselanjaran.

ii) Kami juga menggambarkan penyelesaian hampir bagi kamiran hipersingular

dalam bentuk

∫ 1

−1
Q(t)

[ K(t, x)

(t− x)2
+ L(t, x)

]
dt = f(x), x ∈ (−1, 1), (2)
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dengan K(t, x) dan L(t, x) adalah fungsi regular dalam t dan x yang boleh kamir

kuasa dua dan K(x, x) 6= 0. Fungsi ketumpatan Q(t) mematuhi terbitan pertama

keselanjaran Hölder Q(t) ∈ C1,α[−1, 1].

Fungsi nyata f dihampirkan dengan polinomial Chebyshev orthogonal jenis per-

tama dan kedua Tn(x) dan Un(x).

Untuk masalah pertama dalam (1), skim quadrature automatik (AQS) untuk

kamiran hipersingular diterbitkan. Keputusan berangka menunjukkan polinomial

Chebyshev memberikan penghampiran paling baik dengan pilihan fungsi pemberat

yang sesuai.

Tumpuan khusus diberikan kepada anggaran ralat penyelesaian berangka bagi per-

samaan (1). Kadar ralat telah dikira dengan norma Chebyshev untuk fungsi kelas

CN+2,α[−1, 1], yang didefinasikan sebagai

‖ eN ‖c = max
−1≤a≤t≤b≤1

|f(t)− PN (t)|. (3)

Untuk permasalahan dalam (2), kami pertimbangkan persamaan kamiran hipersin-

gular cirian dalam bentuk

1

π
=

∫ 1

−1

φ(t)dt

(t− x)2
= f(x), |x| < 1, (4)

dengan K(t, x) = 1 dan L(t, x) = 0. Dengan mengaplikasi kaedah Galerkin, per-

samaan Eq. (4) boleh ditulis sebagai sistem persamaan linear aljabar. Ketepatan

penyelesaian berangka bagi Eq. (4) apabila fungsi ketumpatan φ(t) adalah poli-

nomial darjah ketiga, dibuktikan.

Manakala bagi kes K(t, x) = 1 dan L(t, x) 6= 0, kaedah pengembangan efisien

untuk penghampiran kepada penyelesaian bagi Eq. (2) dipersembahkan.
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Kod MATLAB dibangunkan untuk mendapatkan penyelesaian berangka bagi se-

mua masalah yang dicadangkan. Contoh berangka mengesahkan keputusan teori-

tikal.
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